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INTRODUCTION 


This is the Forty-fifth Annual report of the Western Wheat Quality Laboratory of cooperative 
investigations with breeders, geneticists, pathologists, and other scientists to evaluate the 
milling and baking quality characteristics of experimental wheat selections grown and 
harvested as the 1992 crop. The primary purpose of this work is to develop new wheat 
cultivars with improved performance. These investigations include several market classes 
and sub-classes of wheat that are commercially grown in the Pacific Northwest and the 
Western Region and relate to wheat quality for commercial production and consumer 
acceptance. These studies deal with the physical and chemical flour properties associated 
with a cultivar’s suitability for commercial pastry, noodle, and bread products. Results are 
provided to each cooperator as completed. Cooperators include Drs. Allan (USDA), 
Donaldson (WSU), Hole (Utah), Jones (USDA), Kolding (OSU), Konzak (WSU), Kronstad 
(OSU), Line (USDA), Peterson (WSU), Qualset (UC-Davis), Rhode (OSU) and Zwer (OSU). 
The University of Idaho wheat breeding program, Drs. Zemetra (Moscow) and Souza 
(Aberdeen), is supported by the testing of experimental lines in interstate nurseries, and the 
Western Regional Nurseries. In addition to these cooperators at public institutions, private 
breeders are assisted on a "resource-available" basis. It is important for the USDA ARS to 
be aware of the quality of new private cultivars before they reach significant production 
levels. The data on these private experimental lines are freely distributed and are included 
here. Private breeders included Lewis and Pope. 


The results of testing and evaluation are managed and arranged by a nursery system 
(NURSERY, see Index of Nurseries) and the cultivars and selections are listed in the tables 
in order of their assigned laboratory identification number (SAMPLE#). A description of all 
methods used to determine physical/chemical, milling, and baking quality is provided in the 
Methods section (Appendix B). Mixograms are generally not reproduced in this report. 
Alternatively, each mixogram is characterized by type as described in the Methods section 
and Interpretation of Data section (Appendix C). 


NEW DEVELOPMENTS 


Color is one of several important considerations in the assessment of flour quality, 
particularly in regards to the quality of the end product. Color represents an extremely 
important quality criterion in Asian types of noodles. They must have an attractive 
appearance at the time of manufacture, after a day or more of storage and after boiling. 
There are two distinct aspects of color; brightness ( or freedom from discoloration) and 
yellowness. A new test, an alkaline Pekar slick, was developed and added to subjectively 
measure flour color. Alkaline flour color is scored only on SWW, HWW, SWS and HWS 
flours which have a minimum RVA viscosity of 150 and a minimum NIR wheat hardness 
value of 40. 


In order to provide milling data for small quantity samples (40-100g) a short flow Quadrumat 
milling system was adopted. Conditioned wheat is ground only through the Quadrumat 
break rolls. The meal is then sifted as per the standard procedure for the modified 
Quadrumat Senior break side. 
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Samples are atmospherically conditioned (tempered) in the envelopes in which they are 
recieved. Envelopes are placed in a chamber where temperature and relative humidity are 
set to raise the moisture of the wheat to a desired level (13.0%-soft wheat & 14.5%-hard 
wheat). 


The break flour produced is generally sufficient for physical-chemical predictive tests which 
require little flour (i.e. mixogram, Rapid Visco Analyzer (RVA) viscosity, Brookfield viscosity 
or AWRC). 


SPECIFIC PROJECTS 


As usual, the WWQL participated in the Western Regional Nursery Project by conducting the 
quality evaluations (NURSERY nos. 110-113). Results also appear in "1992 Results from 
Cooperative Experiments in the Western Region," R.E. Allan and C.J. Peterson, Jr. 


A sample variety "Quantum 542" was evaluated for J. Proctor (NURSERY no. 65). 


Considerable effort was devoted to the evaluation of hard white wheat, both spring and 
winter types. To gain a better assessment of potential end-use quality, an overseas 
collaborative testing program was developed in cooperation with U.S. Wheat Assoc., 
Portland, and regional breeders and agronomists. 
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REPORT ON THE 1992-CROP HARD WHITE COLLABORATIVE TESTING PROGRAM 
Craig F. Morris, Director 
USDA-ARS Western Wheat Quality Lab 


August 1993 


Introduction. Wheat exports are crucial to the vitality of the U.S. economy. Over the 
past several years, the U.S. has experienced a severe decline in market share in some 
major wheat importing countries of the Pacific Rim. This loss of market share has been 
attributed to, in large part, the inability to directly compete with Australian Standard White 
(ASW) wheat. ASW has become the preferred wheat for many Asian food products, 
particularly noodles. A general consensus has emerged among the various segments 
of the wheat industry in the Pacific Northwest (PNW) that new wheat varieties should be 
developed to meet the ASW challenge. Hard white, now a separate market class, has 
been viewed as the appropriate vehicle for the orderly marketing of these new wheat 


varieties. 


The question now stands as to what attributes should these new hard white wheats 
possess? During a recent meeting, Tom Mick, Mark Samson, Tom Winn, and John 
Oades emphasized that new hard white wheats should have good noodle quality but 
should also be acceptable to the domestic bread industry. Bread quality equivalent to 
Great Plains hard red winter was advanced as the desirable target. Additionally, the aim 
of developing a "perfect" noodle wheat was viewed as unrealistic. A new variety should 
possess those quaiity attributes which allow it to be processed into the widest possible 
range of oriental noodles. This approach allows one to focus in on specific quality traits, 
in the context of various cultural preferences for noodles country-by-country. The aim 
of the hard white collaborative testing program is to obtain this type of information and 
incorporate it into the variety development program, while at the same time identifying 
advanced breeding lines that are suitable for commercial release. 


eeding lines from the Pacific Northwest state breeding programs 
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were tested with the coo 
report. 


Table | lists the breeding lines submitted for overseas collaborative testing. 
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Table I. Breeding lines and check variet; 
a ° 
overseas collaborative noodle costing agi ae 


ee ee eee re es ee eee 





Line Habit Breeder State Grain Protein 
ID377S spring Souza Id 

1D377M spring Souza Idaho 14.8 
1D377T spring Souza Idaho 14.7 
ID355 winter Souza Idaho 13.7 
0R487279 spring Kronstad Oregon 14.1 
0R850513 winter Kronstad Oregon 10.8 
ORF8413 winter Kronstad Oregon 12.6 
WA7679 winter Donaldson Washington 10.6 
APB W 10-8 spring California 12.7 
ND676 spring North Dakota 14.7 
Yecora Blanco spring California Ves 
Klasic-1 Spring 792 ID 14.5 
Klasic-2 spring 792 OR/WA 13.6 
Klasic-3 spring 791 CA 13.2 
Klasic-4 spring CA 14.4 
Federation spring Washington 11.0 





Analysis. Analytical approaches were selected to address the following: 


1) By country, does amylograph viscosity relate to noodle score? 

2) By country, does protein quantity relate to noodle score? 

3) By holding genotype constant, i.e. using the Klasic samples only, can variables 
related to noodle score be identified? 

4) How well did the lines perform in terms of noodle color? 

5) What were the major defects, if any, of the lines? 

6) What was the general performance of the various lines? 

7) How well and for what markets does the California Wheat Commission test 


predict noodle score? 


Results. Following are the results based on the above approaches. 
1) Fig. 1 presents plots, by country, of amylograph viscosity vs. noodle score. 


2) Fig. 2 presents plots, by country, of wheat protein vs. noodle score. 


Obviously, neither starch paste viscosity nor grain protein content alone explain noodle 
quality. Protein content does appear to play a significant role in the Korean market, 
however. If Federation and APB W 10-8 are deleted from the data set, a reasonably 
good relationship with negative slope is revealed between protein and noodle score. 
Though not readily apparent from the plots, the Korean market prefers a moderately high 
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amylograph viscosity (see defects, below). Unfortunately, the high protein content of a 
number of lines probably overshadowed their higher (and more desirable?) amylograph 
viscosities. Malaysia, on the other hand, appears to prefer higher protein wheat, as 
evidenced by a somewhat positive relationship between protein and noodle score 
However, if lines are deleted based on poor color (see defects, below) then the 
remaining lines show no relationship between protein and noodle score (scores of 6 and 
7 for wheats with protein from 10.6% to 14.8%). Taiwan demonstrated no particular 
preference for protein content among the lines tested, but did exhibit a positive trend 
between amylograph viscosity and noodle score. 


3) Comparing the various grain lots of Klasic did not indicate any significant preference 
for amylograph viscosity or wheat protein. However, a relatively narrow range for both 
traits was present. Somewhat unsettling is the highly variable scores among grain lots 
given to this genotype. 


4) The most detailed color information was obtained from the interpretive summaries of 
Malaysia, followed by Korea. Results are presented in Table Il. 





Table II. Noodle color and noted defects of lines by country (nr = not 











reported). 
Color Defects 

Line Malaysia Korea Malaysia Korea 
ID377S ++ nr hi pro. 
ID377M nr hi pro. 
ID377T - nr hi pro. 
ID355 ++ pro. too strong hi pro. 
0R487279 pro./extensibil. hi pro. 
0R850513 - - color/low pro. color/lo amylo. 
ORF 8413 -- nr nr 
WA7679 + - nr color/lo amylo. 
APB W 10-8 -- nr pro. too strong 
ND676 nr hi pro. 
Yecora Blanco - nr lo amylo. 
Klasic-1 + nr hi pro. 
Klasic-2 + nr hi pro. 
Klasic-3 - nr pro. too strong 
Klasic-4 nr pro. too strong 
Federation nr sms Ee) EELS 


ne 
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5) Defects were HES gathered from the interpretive summaries of Malaysia and Korea. 

ee ev oisted in Table z above. Malaysia noted few defects other than color 
major emphasis on protein conten 

amylograph viscosity. mn t and strength, followed by 


6) To eee the orga performance of the lines, two approaches were taken. Both 
were based on noodle scores (Table Ill). The first simpl 
ei crable 1) ) ply ranked the lines for each 


The second approach attempted to asses the overall performance of the lines across all 
countries. Using the nine lines tested in common in Malaysia, Korea, Taiwan, and 
California, a location average score was calculated and subtracted from 5 to obtain a 
score adjustment which was then used to adjust all scores from that location. These 
scores are presented in Table Ill. This adjustment provided some equalization of scores 
Sia we The rankings produced by this average adjusted score are presented 
in e IV. 


i 
Table III. Noodle scores (first column) and adjusted scores (second column) 
by country, and overall average adjusted score for breeding lines and 


check varieties. 





Line Malaysia Korea Taiwan CWC Ave. Adj. 
ID377S cé 6.6 3 4.9 8 Sel 8 6.6 5.8 
ID377M 6 536 3 4.9 9 6.1 7 5.6 5.6 
ID377T 5 4.6 3 4.9 Th eS ve AES 4.8 
ID355 7 6.6 4 5.9 7 4.1 6 4.6 5.3 
0R487279 6 5.6 3 4.9 7 4.1 5 3.6 4.6 
0R850513 4.5 4.1 6 7.9 - - 6 4.6 555 
ORF8413 2 126 5 6.9 - - 4 2.6 Shi, 
WA7679 6 6.6 6 rep) - - ‘1 5.6 6.7 
APB W 10-8 1 0.6 2 3.9 nd - 6 4.6 $f 0) 
ND676 - - 4 5.9 - - 6 4.6 5.3 
Yecora Blanco 3 2.6 5 6.9 8 5.1 if 5.6 5.1 
Klasic-1 6 5.6 1 2.9 8 5.1 6 4.6 4.6 
Klasic-2 6 5.6 3 4.9 8 5a 6 4.6 5.1 
Klasic-3 3 2.6 3 4.9 9 6.1 6 4.6 4.6 
Klasic-4 - - hen tee pea} - - 6 4.6 4.3 
Federation - ” 29339 - - 3) a= 1.6 2.8 
ASW-com’1 May. 7 6.6 - e : 5 : 5 
ASW-com’1 Kor. - - 8 9.9 - - = = = 
¥ 5.4 oul 7.9 6.2 
Ave. score fh ats 29 1.2 


Score adjustment 
tel ial ene aaa TT ne 


* Average score of nine lines which were tested in common. 
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Table IV. Rankings of lines by countr 
average adjusted noodle ee! y based on noodle score and 


eee 





Malaysia Korea Taiwan CWC Ave. Adj. 
ID377S ASW-Korea Klasic-3 D377, : 
-MalaySla Yecora Bl. WA7679 
OR850513 Yecora Bl. ID377M ASW-Malaysia 
Klasic-1 ID377S ID377T ID377S 
ID377M Yecora Bl. Klasic-1 WA7679 ID377M 
WA7679 ORF8413 Klasic-2 0R850513 
Klasic-2 Klasic-3 ID355 
0R487279 ID355 Klasic-4 ND676 
ND676 APB W 10-8 Yecora Bl. 
; Klasic-1 Klasic-2 
---mean score of all entries, by location---| ID355 ~~ |----- ID377T------ 
ND676 0R487279 
ID377T Klasic-3 ID377T Klasic-2 Klasic-1 
ID377S ID355 0R850513 Klasic-3 
0R850513 ID377M 0R487279 Klasic-4 
ID377T 0R487279 
Klasic-3 Klasic-2 ORF8413 
Yecora Bl. 0OR487279 ORF8413 APB W 10-8 
Federation 
ORF8413 Klasic-4 Federation 
AP3 W 10-8 
APB W 10-8 Federation 
Klasic-1 


ER ee ee ee 


Groupings in the first four columns indicate lines that received the 
same noodle score. 


For each of the separate locations, the average score was calculated and added to 
Table IV. Lines were then noted as being above or below the average score of all lines 


tested. 


the noodle testing methodology at the CWC is the most readily available 
and will be used on a trial basis by the WWQL beginning with 1993-crop samples. From 
Table Ill, the highly variable definition of noodle quality is apparent. CWC identified 
ID377S as the most promising line as did Malaysia. CWC also identified WA7679 as one 
of the better lines as did Malaysia and Korea. Also, CWC identified Federation and 
ORF8413 as poor, similar to Malaysia. Conversely, CWC ranked 1D377T high, while in 
the other three countries it received less than the average score of all lines. APB W 10-8 
received the average score from CWC but was clearly unacceptable in the Malaysian 
market. Predictability of the CWC method may be improved for one or more target 


markets by considering grain protein and noodle color defects. 


7) Currently, 
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Discussion. Based on the rankings and noted defects, each experimental breeding line 
included in the collaborative test has been placed into one of 4 groups. Broadly defined, 
these groups are: 


1) lines that tend to rank relatively high in all markets, exhibiting no major defects, 
such that the further testing is warranted. 

2) lines that tend to rank relatively low in all markets, exhibit one or more major 
defects. and as such, show little promise or need for further testing. 

3) lines that tend to be highly variable, high in some markets but marginal in 
others. These lines can be further divided into two groups: 
a) lines with color defect - consider dropping from further testing. 
b) lines that were tested at inappropriate protein content - consider further 
testing. 


Lines placed in these groups are as follows: 


1) WA7679, ID377S, ID377M 

2) Federation, APB W 10-8, ORF8413, OR487279, ID377T 
3a) OR850513, Yecora Blanco 

3b) ID355, Klasic, ND676 


Obviously, noodle quality is a complex issue. From the outset, all analysis and 
discussion has the very large caveat that the collaborator data is accurate, reliable, and 
reflective of true market needs. Given this, the type of information obtained from the 
collaborative testing program will necessarily be used to guide variety development and 
release activities, in the context of overall marketing strategies. This first collaborative 
test falls short of fully defining all technical aspects of noodle quality. Important 
information was obtained, however, and important linkages with overseas collaborators 
were established. The process of incorporating end-user requirements into new wheat 
varieties must, of course, be an on-going exercise. Greater insight must be gained 
regarding functional noodle requirements at a technical level. Then, the information 
must be interpreted in the context of variety development, including such things as 
heritability of traits and testing methodology. It would appear that no one variety can 
perform well in all markets. To what extent protein segregation can address this problem 
is currently unknown. Certainly the mixed performance of those lines noted above may 


be related to this question. 
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APPENDIX A. DESCRIPTION OF ABBREVIATIONS 


3 neuter program stores, calculates, retrieves, grades, and tabulates the milling and 
4 4 ae pete contained in this report. The following is a list of abbreviations used as column 
Bes ongs in the tables of data. Refer also to the Methods and Interpretation of Data sections 
for more detailed explanations of data generation, computation, and interpretation. 


AWRC 
BABS 


BCRGR 
BFYELD 
%BFYELD 


%BRAN 


BREEDER # 


CAVOL 
CLASS 
CODI 
COLOR 
FABS 


FASH 
FMIST 

FN 

FPEAK 
FPROT 
FSTAB 
FYELD 
LOCATION 
LVOL 
MABS 


%MIDDS 


MSCOR 
MTIME 
MTYPE 
NOSCOR 
NURSNUM 
NYELD 
%PFYELD 


PROQ 

RVA 
SAMPLE # 
SCSOR 


Alkalin water retention capacity (see Appendix B) 

Br wnes absorption (percentage by weight, corrected to 14% moisture 
asis 

Bread crumb grain rating code (see Table 1, Appendix C) 

Break flour yield (percentage flour from break rolls by weight of total products) 

Break flour yield (percentage flour from break rolls by weight of total products, 

short flow method) 

Bran recovered (percentage by weight of the total products) 

Plot or bag number within a nursery. 

Japanese sponge cake volume (cc) 

Hardness, color, and season planted 

Cookie diameter (cm) 

Alkaline flour color rating (see Appendix B) 

Farinograph water absorption (percentage by weight, corrected to 14% 

moisture basis) 

Flour ash (percentage by weight, corrected to 14% moisture basis) 

Flour moisture (percentage by weight) 

Falling number test for sprout damage 

Farinograph mixing peak time (minutes) 

Flour protein (percentage by weight, corrected to 14% moisture basis) 

Farinograph stability time (minutes) 

Flour yield (percentage flour by weight of total products) 

Location sample was grown 

Bread loaf volume (cc) 

Mixograph absorption (percentage by weight, corrected to 14% moisture 

basis 

end middling stock (percentage by weight of the total products 

recovered) 

Milling score (see Appendix B) 

Optimum mixing time for bread dough (minutes) 

Mixograph type (see Appendices B and C) 

Noodle score (scale 1-100, see Appendix B) 

Nursery code number (located in the upper left corner of the tables) 

Noodle yield (weighted score assigned to WTIN) “te 

Potential flour yield eaqual to break flour and unground middling stock 

(percentage by weight of the total products recovered. 


Protein quality (see Appendix C) . . "4 
Rapid omen ELE (peak starch paste viscosity, centipoise X 10) 


Sample number . 
Sponge cake score (scale 1-100, see Appendix B) 
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TGS 


UWHRD 
VARIETY 
VISC 
WASH 
WDSI 
WMIST 
WPROT 
WTIN 
YEAR 


Cookie top grain score (scale 0-10, see Appendix B) 

Test weight (ibs/bu, after cleaning but before scouring) 

Udy cyclone mill wheat grain hardness (NIR value, dimensionless) 
Variety name, state number or unique identifying number 

Predicted McMichael viscosity (observed modified Brookfield viscosity x 7.5) 
Wheat ash (percentage by weight, corrected to 14% moisture basis) 
Wheat Cibacron blue dye test for alpha-amylase 

Wheat moisture (percentage by weight) 

Wheat protein (percentage by weight, corrected to 12% moisture basis) 
Noodle weight increase (percentage water uptake after cooking) 

Year sample harvested 
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APPENDIX B. METHODS 


Sample Preparation: All wheat samples were frozen at -27°C for 2 d to kill insects, cleaned 


on a Kice aspirator, measured for test weight and then scoured and sub-sampled for 
proximate analysis. 


Test Weight (TWT): Determined by AACC Method 84-10 (1). 


Udy Wheat Hardness (UWHRD): The standard FGIS NIR wheat grain hardness value. 


Uses the Udy Cyclone mill with a 0.5-mm screen as the standard grinder (AACC Method 
39-70A). 


Buhler Milling: All of the samples of advanced and regional nurseries are milled on a 
Buhler pneumatic laboratory mill (Fig. 1). The samples are tempered to a predetermined 
moisture content ranging from 14.0% to 16.0%, depending on the hardness and known flour- 
bolting properties. The harder wheats require more water. Thus, the grain is conditioned 
so that the most rapid and complete separation of endosperm can be made. The temper 
solution contains a wetting agent (0.1% Aerosol OT) to hasten moisture penetration. The 
wheat is allowed to temper for 16-24 hours before milling to permit uniform distribution of 
the moisture. An additional 0.5% water is added 15-20 minutes prior to milling. The first and 
second break and first and second reduction streams predict long patent flour yield. All six 
flour streams are then combined to make a straight-grade white flour by sifting on a 120 
stainless steel wire screen and thoroughly blending. 


Flour Yield (FYELD): The percentage by weight of the total products recovered as straight- 
grade white flour. 


Break Flour Yield (BFYELD): The percentage by weight of the total products recovered as 
flour off the break rolls. 


Milling Time: The time required in minutes to mill a 2-kg sample with the Buhler 
experimental mill and obtain a normal separation of bran, shorts, and flour. Time is 
dependent on adjustments made by an experienced miller after visually observing the milling 


properties. 
Milling Score (MSCOR): Calculated as follows: 


MSCOR = 100 - [(80 - flour yield) + 50 (flour ash - .30) 
+ 0.48 (milling time - 12.5) + 0.5 (65 - per cent long patent) 


+ 0.5 (16 - first tempering moisture)] 


ifi illing: imi i imentally milled 
Modified Quadrumat Milling: The preliminary nurseries (500 g) are experimen 

on a Quadrumat System as modified by Jeffers and Rubenthaler (11). The procedure is 
described in the 27th Annual Report, Oct. 1976 (Pgs. 1-14). Conversion of the data to give 
a predicted Buhler flour yield and milling score are done with the following linear equations: 
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Predicted Buhler Milling Score 


Soft Wheat (y = -21.60185 + 1.27367 x) 
Hard Wheat (y = - 3.43818 + 1.0448 x) 
where, y = Predicted Buhler flour yield 
and x = Original Quadrumat flour yield 


Modified Quadrumat Milling Short Flow: Wheat samples (approximately 40-100g size) are 
atmospherically conditioned (tempered) by placing the wheat (in envelopes) into a constant 
temperature and relative humidity chamber. Moisture content is raised to the desired level 
(13.0% - soft wheat and 14.5% - hard wheat). The conditioned wheat is ground only through 
the Quadrumat break rolls. The standard sifting schedule used in the Modified Quadrumat 
Senior milling procedure is followed. Break flour produced from hard wheat is usually 25 - 
30% and from soft wheat about 45 - 50%. This amount of flour produced is generally 
sufficient for certain physio-chemical predictive tests that require little flour ie., mixogram, 
Rapid Visco Analyzer viscosity, Brookfield viscosity or AWRC. 


Micro Milling: Grain samples (5-10 g) from single plant selections are tempered to 14% 
moisture and milled on the micro mill. The micro mill consists of two pairs of corrugated 
rolls and double sifters with 38- and 135-mesh stainless steel screens. The bran over the 
38-mesh screens is evaluated for milling properties by visual examination for the degree of 
bran clean-up. The throughs of the 135-mesh stainless steel screen, of those samples 
considered to be good milling types, are examined for flour quality by means of the Modified 
Micro Sedimentation Method (12). Protein may be determined on these materials by NIR 
analysis (17). A schematic flow diagram of the micro mill is shown in Fig. 3 (2,13). 


Wheat Moisture (WMIST) & Flour Moisture (FMIST): The reference test uses 2 g of 
ground wheat in an aluminum moisture dish heated in a forced-draft oven for 40 min at 


130°C, allowed to cool and weighed. Flour moisture is determined in the same manner 
except that it is heated only 20 min (1, modified Method 44-16). The NIR spectrometer 


(Technicon 500) is routinely used and is calibrated to the above method. 


Wheat Ash (WASH) and Flour Ash (FASH): The percentage ash from a 4-g sample of 
wheat meal or flour ignited and heated for 15 hours at 550°C ina muffle furnace (1, Method 
08-01). 


Wheat Protein (WPROT) and Flour Protein (FPROT): The protein content of the samples 
is determined by the NIR method, and checked (about 10% of the samples) by a 


thermogravimetric method (Leco, model FP-428). 


Alkaline Water Retention Capacity (AWRC): The per cent increase in weight of 7.5 g of 
flour due to absorption of water from 35 mL of 0.1 N NaHCO, solution after centrifugation 


(18) (1, Method 56-10 with proportionate decrease to 5 g flour). 


: . : ield Synchro-Lectric Viscometer fitted 
Viscos ISC): Dial reading x 7.5 of a RVT Brookfield y 
bth a Nis Rs 2 spindle at 50 R.P.M. using a suspension of 20 g of flour in 100 mL of 


water and 7 mL of 1 N lactic acid (15). 
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Wheat Cibacron Blue (WDSI): Units: DU/g (dextrinizing units/g). Directly measures alpha- 
amylase content through liberation of dye from a substrate due to the action of the enzyme. 
The amount of dye liberated is proportional to the alpha-amylase content of the sample. 


Mixogram: Used to characterize wheats as to market class and estimate mixing and baking 
properties of flours. The 10-g instrument is used and the testing procedure and 
interpretation of K.F. Finney (9) is followed. To reduce the time and expense involved in 
reproducing the mixograms, a reference chart was developed to characterize each curve as 
to type ranging from very weak to exceptionally long and strong types. Instructions for its 
use are found in Appendix C. The chart appears on page A13. Descriptions of Mixograph 
Absorption (MABS) and Mixograph Type (MTYPE) appear in Appendix C. 


Farinograph: The Farinograph is equipped with a 50-g bowl and the Constant Flour Weight 
procedure (14% moisture basis) is employed (1, Method 54-21A). 


Farinograph Absorption (FABS): The amount of water required to center the highest portion 
of the Farinograph curve on the 500 Brabender unit (BU) line. 


Farinograph Mixing Peak Time (FPEAK): The time interval, in minutes, from the first addition 
of water until the curve reaches its maximum height. 


Farinograph Stability Time (FSTAB): The number of minutes the top of the curve remains 
above the 500 unit line when the highest portion (peak) is centered on the 500 unit line. 


Cookie Baking: The micro method employs 40 g flour at 25% absorption, 60% sugar, 30% 
non-emulsified shortening, 3% dry skim milk, 1% NH,HCO,, 1% NaCL, and 1% NaHCO, and 
0.24% emulsifier (distilled mono- and di-glycerides). 


Cookie Diameter (CODI): The average diameter, of one cookie (cm). 


Top grain score (TGS): A visual evaluation score describing the top grain of the sugar snap 
cookie. Range of 0 to 10, with 10 being the best. 


Bread Baking: An optimum absorption, optimum mixing, 90 minute fermentation straight 
dough method using 100 g flour, 1.8% dry yeast, 1.5% salt, 6% sugar, 0.3% malt extract, 4% 
dry milk solids, 75 ppm ascorbic acid, and 3% partially hydrogenated shortening with mono- 


and di-glycerides (Crisco) (5,6,7,10). 


j ired to make a dough of proper 
Bake Water Absorption (BABS): The amount of water required to n 
consistency for bread baking when mixed to optimum conditions as judged by an 
experienced baker using the baking method described above (4). 


uired to mix the flour and the other bread dough 


oy : e in minutes req 
Mixing Time (MTIME): Tim dged by an experienced baker (5). 


constituents to the optimum condition as ju 


Loaf Volume (LVOL): Volume displacement of bread loaf, measured with canola seeds (cc). 
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Bread Crumb Grain (BCRGR): Subjective judgement of crumb grain quali judged b 
an experienced baker. 9 grain quality as judged by 


Protein Quality (PROQ): An assessment of the protein quality for bread baking. The loaf 
volume of experimental lines is compared to a historical regression that predicts loaf volume 


based on protein content. If loaf volume of the experimental line is + 25 cc of the 
historical, then PROQ = 0. If loaf volume of the experimental differs from the predicted loaf 


volume by more than 25 cc, then a"+1" or "-1" is generated. This new parameter replaces 


the previous X-Y scatter plot of protein vs. loaf volume with the historical and nursery 
regression lines. 


Japanese Sponge Cake Baking: Formula contains 100 g flour, 100 g sugar, 100 g fresh 
egg, 40 g water (16). 


Cake Volume (CAVOL): Volume displacement of sponge cake, measured with canola seeds 
(cc). 


Sponge Cake Score (SCSOR): Additive score of texture, volume, external factors and crumb 
grain (open-ended). The standard flour produces a cake with a score equal to 80. 


Udon Noodle Making: Formula contains 300 g flour, 6.0 g NaCl, 96 g water (14% constant 
flour moisture basis) with dough sheet and noodles prepared with an Otake Laboratory 
Noodle Machine (16). Often, optimum water absorption is used as opposed to constant 
absorption. 


Noodle Yield (NYELD): Relative score assigned to WTIN (see below). 


Noodle Score (NOSCOR): Additive score incorporating raw and cooked noodle color, yield 
and texture. 


Noodle Weight Increase (WTIN): Percentage weight increase of cooked noodle relative to 
raw noodles. 


Rapid Visco Analyzer (RVA): A hot-pasting viscosity measured by the Rapid Visco 
Analyzer. The viscosity reported is the peak viscosity (centipoise X 10) and is obtained at 
93°C after 2 min of pregelatinization at 65°C. It emulates the Brabender Amylograph. 
Foreign users have suggested that an Amylograph viscosity value (not analyzed here) of 500 
Brabender Units (BU or AU) is a minimum value, and 1000 or greater Is a desirable value 
for noodle quality. RVA and Amylograph peak viscosity values have a linear correlation of 
about 0.99. Therefore, minimum RVA values would be near 125 with values above 210 


desirable. 
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Alkaline Flour Color (COLOR): An alkaline Pekar slick is prepared by pressing flour to a 
smooth surface, immersing in a 3.0% alkaline solution consisting of 50 % K,CO, and 50% 
Na,CO, for 2 minutes. The sample rests at a room temperature of 77°F for 4 hours before 
visual observation and scoring. Flours were scored by the following: S = satisfactory, Q = 
questionable, and U = unsatisfactory. Desirable flour color ranges from bright white through 
creamy yellow to bright yellow. Any dullness, brown, or greenish casts are unacceptable. 
Alkaline flour color is scored only on SWW, HWW, SWS and HWS flours which have a 
minimum RVA viscosity of 150 and a minimum NIR wheat hardness (UWHRD) value of 40. 


Falling Number (FN): Determined by AACC Method 56-81B. 
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APPENDIX C. INTERPRETATION OF DATA 


MIXOGRAM REFERENCE CHART: A mixogram is conducted with 10g of flour and the 
appropriate amount of water to give optimum absorption. The mixograph is a recording 
mixer reflecting the resistance of the dough during mixing. Most mixograms are run 5 to 8 
minutes, which is sufficient time for most flours to exhibit their mixing time to peak and 
dough breakdown. Dough breakdown behavior is reflected in the tail of the curve when 
mixing continues beyond the mixing peak and is commonly referred to as mixing tolerance. 


The mixogram is used to characterize new selections as to market class and to predict 
baking properties. 


For desirable bread-type wheat flour, from Hard Red and White, Winter and Spring selections 
with adequate flour protein, a mixogram should have the following properties: high water 
absorption, moderately long mixing requirements, strong gluten strength, good dough 
mixing tolerance, minimum oxidation requirement. The dough should be elastic after mixing 
and should retain this condition throughout the fermentation period. The resulting bread 
should have adequate loaf volume in relation to flour protein content and satisfactory grain 
structure, texture and color. Extremely long mixing time is considered undesirable because 
power and time requirements would be excessive in a commercial bakery. In addition, 
extremely long mixing time is often associated with tough, bucky doughs which do not 
perform properly in a mechanized bakery. 


For desirable non-bread type wheat flours (i.e. those for pastry purposes) from common soft 
white and club, winter and spring selections, they should be soft, velvety and low in protein 
content. Their mixograms should have the following properties: low water absorption, short 
mixing requirement and no appreciable development with continued mixing, i.e. the mixing 
curve area should be low, showing weak and very mellow gluten strength. Club wheat flour 
should have lower water absorption and weaker mixing properties and gluten strength than 
the soft common wheat flours. 


The mixograms are visually evaluated for gluten strength and mixing properties. Mixogram 
absorption (MABS) is optimum flour water absorption and is reported as per cent by weight, 
corrected to a 14% flour moisture basis. MABS is a function of protein content, variety, flour 
moisture and environment. For bread-type wheat flour, MABS is used to estimate the bread 
baking absorption (BABS). The mixogram mixing time (not reported) is used to estimate the 
optimum bread dough mixing time (MTIME). Mixogram curves of bread-type flours with 
undesirable traits (low flour protein, short mixing time, poor mixing tolerance, weak gluten 
strength and low water absorption) are often eliminated from further testing, i.e. bread 
baking, in the hurdle (screening) process. Generally, a single undesirable property for any 
one of the important mixogram properties is sufficient to classify a selection as undesirable. 


Final evaluation must be made with consideration to the protein content of the flour due to 
the effect of protein content on mixing characteristics even within the same variety. As 
protein increases, mixing time will decrease. This is illustrated on the Mixogram Reference 
Chart. Compare #1 high(H) with #2 medium (M) and #3 low(L) which are typical 
mixograms of the club wheat Tres at 12, 9 and 6% protein, respectively. Similarly, 2H, 3M 
and 4L are typical for Stephens at these protein levels. Little change can be observed on 
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any wheat above 13.0 or below 1.5% Protein. The Mixogram Reference Chart is used to 
identify the curve characteristics which most closely match the sample chart identifiers, i.e. 
1L, 1M, 1H, etc. through 8H and are reported as Mixograph Type (MTYPE). 


Desirable mixogram characteristics of bread type flours would be characterized on the 
Reference Chart as high (H) Mixogram type (MTYPE) with preference ranging from 3H to 6H. 
Desirable mixogram characteristics of non-bread type (pastry flours) would be characterized 
on the Reference Chart as low (L) or medium (M) Mixogram Type (MTYPE). Preference 


would be for mixograms in the low (L) category. As described above, this is dependent on 
protein content. 


BREAD BAKING: Bread crumb grain is visually evaluated by a team of trained bakers. 
Table 1 describes the coding system used for reporting this evaluation. 





Table 1. Code and meaning for bread crumb grain rating (BCRGR). 


CODE MEANING CODE MEANING 
1 Excellent 6 Questionable 
2 Satisfactory 7 (Intermediate) 
3 (Intermediate) 8 Questionable-Unsatisfactory 
4 Questionable-Satisfactory 9 Unsatisfactory 
5 (Intermediate) 





COMPUTER GRADING SYSTEM: A computer grades the experimental lines in comparison 
to a check(s). The system relies on nursery "checks" (standards) and historical standard 
deviation "windows". The mean of the nursery standards is used to "center" the window. 
Experimental lines with values that lie within this window are not flagged. Lines with values 
that lie outside the window are flagged accordingly: "-" for 1 to 2 s.d. poorer than the 
standard mean, "-2" for 2 or more s.d. poorer than the standard mean, "+" for 1 to 2 s.d. 
better than the standard mean, "+2" for 2 or more s.d. better than the standard mean. Note 
also that lines are scored based on desired quality , e.g. greater ash values give increasingly 
negative scores (lower ash is preferred) and protein is scored according to whether the 
market class is hard or soft. Those cultivars used as standards are indicated with an "*" 


immediately to the left of the SAMPLE#. 


Below the nursery data is a single line which keys the standard(s) (*), lists the mean flour 
protein for the entire nursery, and describes the type of mill used for flour milling (Buhler or 
Quad). Below this line are statistics generated by the computer grading system. They are 
listed by class. Included here are the mean values for the standards (sm) and the means 
and standard deviations for the experimental lines (NM and NSD, respectively). (Note that 
"check" varieties not marked as standards are treated as experimental lines). Note too, that 
standards are not "class-specific", that is a HRS may be used to grade HWS experimental 


lines. 
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MODIFIED QUADRUMAT SR. 
MILLING PROCEDURE 


TEMPERED 
WHEAT 


Te} 





FLOUR SHORTS 
BREAK UNIT . REDUCTION UNIT 
BRABENDER QUADRUMAT JR. WITH BRABENDER QUADRUMAT SR. 
QUADRUMAT SR BREAK ROLLS REDUCTION HEAD 
ROLLS: SIFTERS: 
' Diameters: 2.8 inches 8 and 12 inch Tyler testing sieves 
on strand sifter 
Speed: SIFTING SCHEDULE: Break Stock: 
Fast rolls: 1200 RPM Bran: Removed after 1 min. 
Slow rolls: 560 RPM Middlings: Removed after an additional 


2 min. (3 min. total) 
Differential: 2.14 to 1 
TEMPER: 
Soft wheats 13% Reduction Stock: 3 min 
Hard wheats 14.5% . 


SAMPLE SIZE: 100-500 grams tempered wheat 
(held constant within each comparison group) 


OUTPUT: 5-7 samples per hour 


Figure 2. Semi-micro experimental mill flow with the roll corrugations per inch. The break rolis have 
corrugation spirals of 1.25, 1.75, 1.88, and 1.25 inch/ft. in progressive order, and the middling reduction 
roll spirals are 1.25, 1.25, 1.25, and frosted smooth. Roll spacings for first, second and third break are 
0.035, 0.0035, and 0.002 inch respectively. The middling rolls are set at 0.0015, 0.0020 and 0.0015 inch 


respectively. 
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